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Abstract 
The effectiveness of programs for automated recognition of diseases of the digestive tract by the 
images recorded by a wireless endoscopic capsule depends on the quality of images obtained from it. 
Therefore, this article discusses the algorithm, which allows to recover the loss of image data from the 
part of the code that encodes the image itself, not the loss of metadata (supplementary information at 
the beginning of the entire code of the image). It allows reconstructing the images with shifted blocks 
by returning them to their original location and restoring their original color. The algorithm was tested 
on 159 damaged images and the experiment has restored about 90% of distorted frames. 
 
Keywords: Recovery of JPEG images, JPEG markers, blocks shift, downsampling of chrominance 
1 Introduction 
Wireless endoscopic capsules (capsule endoscopes) are medical devices and are designed for non-
invasive examination of the gastrointestinal tract (GIT) of the patient for the presence of pathological 
and morphological changes. (Iddan 2000, Ciuti 2011)  
In general, screening procedures of the gastrointestinal tract via a wireless endoscopic capsule 
proceeds as follows: the patient swallows the capsule endoscope size of a large pill with a built-in 
camera that slowly passes through the human digestive tract, capturing images of the internal walls. 
The obtained data are transmitted to the external recording device that can be, for example, fixed at the 
patient's waist. (Francis 2012) Then the images are sent to a personal computer of the doctor, which 
performs automated analysis (Kukushkin 2012, Mikhaylov 2014). 
The quality and quantity of images transmitted from the capsule influence the accuracy of image 
analysis software performance used to detect pathological and morphological changes in the digestive 
tract. That is why much attention is paid to the improvement of systems of data reception and 
transmission of capsule endoscopic systems (Mikhaylov D.M 2015). 
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Usually capsules capture images in JPEG format. This is one of the most popular graphics formats 
used for storing photo and similar images. Strictly speaking, JPEG is an image compression algorithm 
both with and without losses (lossless JPEG compression mode), and not a specific format of graphic 
information. This algorithm can compress almost any graphic information. (Hu 2012, Gera 2012) 
However, if an image was damaged, it can be restored. For example, software ReaConverter 
(https://www.reaconverter.com) allows recovery of JPEG-images by enhancing quality and reducing 
noises. Senear and Memon (2009) propose a technique based on bit sequence matching to identify 
fragments created by the same Huffman code tables. Lee et al. (2003) propose a new algorithm to 
recover the damaged bitplanes data according to the interested directional sets of in-subband. Ancis et 
al. (1999) tell about error concealment in block-coded image transmission over noisy channels. 
However, such articles do not describe the recovery process of JPEG, but explain how various 
changes in different parts of the code distort the image. They can also be focused on restoring the 
image if the information is missing from the code header, which describes the different methods of 
encoding and metadata. However, they do not address the issue of recovery of that part of the code 
where the code of the image is located, as it is a very difficult task. Basically, articles consider the 
recovery of photos from a corrupted cap, which is widely known and can be easily implemented. 
 This article describes the algorithm for recovering the loss of image data from the part of the code 
that encodes the image itself, not the loss of metadata (supplementary information at the beginning of 
the entire code of the image). Some stages are set out in more detail in order to clarify their goals. 
Encoding algorithm itself is omitted because it is not the main purpose of the work 
2 Task Description 
 
The JPEG-code is divided into sections that hold a variety of functional information markers. A 
marker is a 2-byte structure [FF XX], where XX determines, which section of code starts. Possible 
variants of XX byte that have been used in our JPEG-code are presented in the first column of Table 1. 
Markers shown in Table 1 are the basic ones and always occur in any file of JPEG format and require 
mandatory processing. 
 
Identifier Definition Marker type Standard designation 
C016 Image start, the basic method SOF0 Baseline DCT (Discrete Cosine Transform) 
C416 Determination of Huffman tables DHT Define Huffman table(s) 
D816 Image start SOI Start of image 
D916 Image end EOI End of image 
DA16 Scan start SOS Start of scan 
DB16 Defining the quantization table DQT Define quantization table(s) 
Table 1: Markers of JPEG format 
When transferring images from one device to the receiver a part of the image scan code (related to 
"falling asleep" of the receiver) can be lost. A JPEG-section of code that begins with the marker [FF 
DA] and ends with [FF D9] is dispatched, i.e. image scan itself while the metadata (the entire title 
from the marker [FF D8] to Huffman tables included) is added to the code later in order to reproduce 
the image. The JPEG-code is transmitted to the receiver by 32-bit messages. 
At some point, the receiver "falls asleep" and does not accept messages, resulting in JPEG-byte 
code missing bytes. Thus, the following received bytes shift and take the place of the missing bytes. 
As described in the above algorithm, the image is encoded block by block, so the disappearance of the 
byte code can result in a code block loss of the entire image, and in the loss of the image code block. 
There is a very small probability of loss of a portion of code corresponding to an integer number of 
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blocks (i.e. those blocks disappear from the image, and all of the remaining blocks are remain 
undamaged). Typically, in addition to missing blocks there are also blocks the code of which miss 
data. Then, because of the remaining parts of the damaged units, Huffman decoding process is carried 
out on a different path than for the full code or entirely missing code blocks. This causes distortion of 
the "failure" of blocks that follow. Thus, a damaged image is obtained. 
It is obvious that the blocks following the loss change color and shift to the left by a number of 
blocks, which is missing. 
Therefore, it is necessary to develop an algorithm for image reconstruction to shift blocks to their 
original location in an image and restore their original color. 
3 The Proposed Method of JPEG Images Recovery 
Processing all the points of missing code occurs in the direction from the beginning of the image 
code to its end. The algorithm for the one point of loss is presented below. 
1. Determining the end of the last marker before the missing block unbeaten. 
2. Removing damaged information. 
All the bits after the end of the last unbeaten block before the marker of loss until the marker of loss 
is deleted. Then a bit by bit is removed after missing the marker of loss in order to find the next 
undamaged block. 
n is the maximum number of bits to be deleted, which is defined by us and affects the run time. 
3. Inserting the blocks to align the image. 
As the implemented JPEG code does not include the so-called Restart Markers, we cannot 
determine the number of bytes lost at each location missing in the code. Thus, in order to determine 
how many blocks disappeared from the image in a particular location, code from one block from the 
layer above is inserted sequentially instead of using markers. 
Then the difference measure of the restored line of blocks in the image with the next line above is 
calculated. The distance between the colors of selected data blocks is used as a measure of the 
difference of the two neighboring blocks 16x8, arranged one above the other: 
ߜ ൌ ͳ͸Ͷσ
ටቀܴͳ ݅ ǡ݆െܴʹ݅ ǡ݆ ቁ
ʹ൅ቀܩͳ݅ ǡ݆െܩʹ݅ ǡ݆ ቁ
ʹ൅ቀܤͳ ݅ ǡ݆െܤʹ݅ ǡ݆ ቁ
ʹ
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ͺ݅ǡ݆ൌͳ                                              (1) 
where ߜ א ሾͲǡͳሿ – normalized ratio, ቄܴ݇݅ ǡ݆ ǡܩ݇݅ ǡ݆ ǡܤ݇ ݅ ǡ݆ ቅ ǡ ݇ ൌ ͳǡʹǡ ݅ǡ ݆ ൌ ͳǡǥ ǡͺ – colors of ሺ݅ǡ ݆ሻ pixel in 
k block in red, green, blue (RGB) color space. 
For two adjacent lines of blocks, we obtain a measure of differences: 
߂ ൌ ͳͶͲ෍ߜ݅
ͶͲ
݅ൌͳ
 
(2) 
where 40 – is the number of blocks in one line. 
Let us discuss the recovery options for JPEG images, that can be set manually on the basis of the 
optimum ratio of the speed and quality of recovery. 
1. Maximum number of inserted blocks. 
Let M be a threshold number of blocks inserted; more blocks cannot be inserted. We choose it to be 
no more than one line, i.e. 40 blocks, because when duplicating a line of blocks in the image two times 
or more there is a distortion of the image. 
2. The maximum number of bits to be deleted after the marker of loss. 
This option has already been mentioned above and is designated as n. The choice is only affected by 
the speed of the program, that is why it is defined by the latter. In this case, it is at least 32 bits. Then 
the number of measures of differences Δ, which will needs to be calculated equals n ∙ M. 
3. The accuracy of alignment. 
If the measure of difference between two adjacent lines becomes smaller than the specified 
Restoring Damaged JPEG Images Obtained from the Wireless Endoscopic Capsule A.Antonova et al.
381
  
accuracy of alignment, then we assume that we have restored the portion of the image, and then 
calculation of Δ for all n ∙ M images is not necessary. 
If the accuracy of the alignment was not achieved for any of n ∙ M images, the image with the 
smallest measure of differences between the two adjacent lines is selected. 
It is necessary to clarify that in both cases (whether the accuracy is achieved or not) the smaller 
accuracy of the alignment is chosen, if a sufficient number of units to be inserted in place of "failure", 
and the bigger accuracy is chosen in the opposite case, because when moving the blocks to their 
original position is impossible, and correct alignment cannot be reached. Therefore, two precision 
alignments are given. 
4. Criterion of image deleting. 
The criterion for removing the image is the large number of failures and the amount of missing 
data, which cannot be completed in a way to obtain an acceptable image. 
4 Recovery Results 
The article presents a recovery algorithm for JPEG images, obtained from the wireless endoscopic 
capsule. It was tested on 159 damaged images. 
As the experimental setup, we used a complex for endoscopic studies “Landish” using wireless 
capsule. In each of the recordings made on artificial human gastrointestinal tract on average duration 
of 10 minutes and 1,500 images there were about 10% of broken images. 
Consider the source data required for image 
reconstruction algorithm functioning. Data stored 
on the receiver during examination are a sequence 
of "glued" to each other JPEG images but without 
a  
title. The title is joint to the program by a 
decomposed sequence of images on a single 
image. The filenames of this format are the input 
data for image reconstruction algorithm. 
Let the maximum number of missing spots of 
information be 6, because with a bigger number 
the photo cannot be acceptably restored. 
The following conditions were set for a 
successful image recovery: 
 at each location of breakage of the 
image not more than 40 blocks disappeared, 
which corresponds to one line of the image of 
640x480 pixels and 16x8 blocks; 
 distance between the breakdowns is at 
least one line of blocks; 
 the number of failures is not more than 
6; the image is restored, but the color tone after 
the failure fails to be fully restored, it can be 
seen in Figure 1 (b) and 2 (b). 
Under the above conditions, the experiment 
was able to restore 100% of images obtained by 
a wireless endoscopic capsule. The advantage of 
this algorithm is that the recovery does not 
  
а) damaged image b) restored image 
Figure 1: Restoring a damaged picture with one 
breakdown. 
  
а) damaged image b) restored image 
Figure 2: Restoring a damaged picture with two 
breakdowns. 
  
а) damaged image b) restored image 
Figure 3: Restoring a damaged picture with two 
breakdowns. 
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require any additional information; it is taken from the image itself. 
If at least one of the conditions for a favorable image reconstruction (Figure 3 (a)), referred to 
above, is not fulfilled then full restoration of the image fails, although in general it looks much better, 
and it can already be used to detect abnormalities (Figure 3 (b)). 
5 Discussion and Conclusions 
The main merit of current work is the opportunity to recover corrupted images answering the 
constraints pointed out for its further usage in recognition of diseases of the digestive tract. The 
advantage of the proposed algorithm lies in the lack of necessity of the information, inserted in the 
location of missed bytes. The inserted information is taken from the same JPEG-code, in other words, 
duplicated. It causes the demerit of the considered algorithm – the impossibility of the qualitative 
image reconstruction with a lot of lost bytes. Fortunately, the majority of corrupted image, received 
from the wireless endoscopic capsule, have a small portion of missed information that is why it is 
successfully completed by duplication of the part of code prior to loss location. Thus, the algorithm 
can be applied for the given problem. 
Talking about other such efforts, only the paper (Husrev 2009) shows the impact of information 
loss from the part of the code, which encodes the image. However, we should highlight that there were 
not found any papers proposing image reconstruction algorithms in the absence of the information in 
the JPEG-code after the [FF D8] marker, so the described algorithm itself represents the novelty. 
The algorithm described in the article allows restoring the damaged image obtained with a wireless 
endoscopic capsule in case of the loss of data from the code area that encodes the image itself, not in 
case of the loss of metadata. The algorithm was tested on a video taken by the capsule containing 159 
corrupted/damaged images of the digestive tract. Only eight images were critically damaged 
unsatisfying the above conditions. The rest of images were successfully restored. 
By using the algorithm, the number and quality of the images was enhanced (recovering about 90% 
of distorted images with not more than 6 missing code spots and not more than one line of missing 
image blocks at each location). They were further subjected to a processed for automated detection for 
the presence of pathologies and morphological changes of the gastrointestinal tract at images, which 
directly affect the speed and quality of diagnosis. 
It should be noted that the algorithm can be used not only in the capsule endoscopy, but also in 
other fields where there is a need to restore JPEG images. 
In the future, the authors plan to improve the algorithm for more accurate color hue preservation of 
the inserted part of the image. Moreover, it is planned to continue testing and debugging of the 
algorithm, as well as to begin research on development of methods for the recovery of damaged 
images of other formats. 
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